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LIDGERWOOD WM’F’G CO., 
96 Liberty Street, 
Boston. New York. 
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Quarrying, Logging, Handling of Earth and General Contract Work. 


FISKE BROTHERS REFINING CO. 


— HIGH GRADE — 
LUBRICANTS 





¥ S 
x * 
th * 8S Lara! RS 


ie, * * 
wy tS.8oleN™ us.4 


SPECIALLY MANUFACTURED FOR 
AIR COMPRESSORS, AIR DRILLS, 
STEAM DRILLS, STEAM ENGINES. 
OFFICE AND SALESROOM: 
59 WATER STREET, 
New York, U.S.A. 


Chicago. 
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McNAB & HARLIN M’F’G CO., 


MANUFACTURERS OF 


BRASS COCKS, 


PLUMBERS’ BRASS WORK, 


Globe Yalves, Gauge Cocks, Steam Whistles and Water Gauges, 
WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 
No. 56 JOHN STREET, - - NEw YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


120 & 122 LIBERTY STREET, NEW YORK. 






SURFACE 
Bor CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE, Pum ps. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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C. & G. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MI. VERINON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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The Snow Steam Pump Works, 
Pumping Engines, 
Water Pumps 















Waterworks and all 
Other Purposes. 


N. Y. OFFICE, 126 ‘LIBERTY STREET, NEW YORK CITY. 


The FOSTE “ee 
¢ FFAS New “Class W” 
(Automatic) 


Pressure 
Regulator. 


The only Pressure Regulator satisfactorily 
controlling High Initial Air Pressures. 








In suecessful service on ALL the AIR- 
MOTORS yet tested. 


FOSTER ENGINEERING CO., 


NEWARK, N. J. 
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“Phoenix” Pneumatic Drills, Reamers and Tappers, Breast Drills, Hoists, Compressors, 
Sand Sifters and Motors. 


Everything in the line of Pneumatic Equipment. 
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tH PKLTON WATER WHEEL 


Embracing in it variations of construction and application 


THE PELTON SYSTEM OF POWER. 


In simplicity of coastruction, absence of wearing parts, high efficiency and facility 
of adaptation to varying conditions of service, the PELTON meets more fully all require- 
ments than any other wheel on the market. Propositions given for the development of 
water powers based upon direct application, or Electric Transmission under any head 
and any requirement as to capacity. 


Compressed Air Transmission. 


No other wheel is so well adapted to this purpose. Where the head admits, it can 
be attached to compressor shaft direct, and serve for prime mover and fly wheel as well. 


Correspondence Invited. Catalogues Furnished upon Application. Address, 


PELTON WATER WHEEL CO., 


{21-123 MAIN STREET, SAN FRANCISCO, CAL. 
143 LIBERTY STREET, NEW YORK. 


BOSTON. NEW YORK. PITTSBURG. CHICAGO, ST. LOUIS. 


National Tube Works Company, 


MANUFACTURERS OF 





Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the 
Converse Patent Lock Joint for Water and Gas 
Mains. 
Cylinders with Dished or Flat Heads for Carbonic 
Acid and other Gases. 


NEW YORK OFFICE: HAVEMEYER BUILDING. 
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fin Important Connecting Link in Compressed fir Service 
¢ Moran Flexible Joint 


For high pressure, indispensible. 
Tightness, safety, flexibility and durability 
assured. 


Parties making experiments with Compressed 
Air may have the use of the ‘‘Moran Joint,” 
free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 
LOUISVILLE, - - - . - KENTUCKY. 


ES: ABLISHED 1858. 


** Our Name and Brand a Guarantee of Quality.” 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 


BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 





LINEN AND COTTON HOSE. 





NEW JERSEY CAR SPRING & RUBBER COMPANY, 


MAIN OFFICE AND WoRKS: 


Wayne and Brunswick Streets, Jersey City, N. J. 










BRANCH OFFiceE: 10 BarcLay St., NEw YorK. 
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Canada and Mexico $1.00a year. All other coun- 
tries, $1.50 a year. Single copies, 10 cents. 


Advertising rates furnished on application. 


We invite correspondence from engineers, 
contractors, inventors and others interested in 
compressed air. 
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COMPRESSED AIR, 26 Cortlandt St., New York. 

London Office, 114a Queen Victoria Street. 

Those who fail to receive papers promptly will 

please notify us at once. 


Entered as Second-Class Matter at the New York, 
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The Automatic Air Brake has been in 
service for so many years, and has been so 
faithful and punctual in performing the 
offices required of it, that we have come to 
look upon its prompt and efficient action 
asa matter which is of course to be ex- 
pected. A little reflection upon the condi- 
tions under which it operates, however, 
will bring the conclusion that the cer- 
tainty and reliability with which the auto- 
matic brake performs its work is one of 
the most remarkable characteristics of the 
apparatus, 

In the first place, the orderly perform- 
ance of the different operations of the au- 
tomatic brake is entirely dependent upon 
the operation of a piece of mechanism 
called the triple valve, which requires unu- 
sual nicety of construction, and which, in 
some respects, requires the most careful 
adjustment. This valve mechanism con- 
sists of a number of moving parts, which 
must operate every time the brakes are 
applied, and every time that the brakes 
are released. The delicacy of the adjust- 
ments would appear to require careful 
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watchfulness, considerate attention and 
reasonable protection. Yet this apparatus 
is secured beneath the floor of a railroad 
car which goes jolting over the road, is 
subject to constant vibration and concus- 
sion, and is subjected to the influence ofa 
constant whirl of cinders, sand and dirt. 
These conditions are of themselves such as 
would seem to prohibit the successful use 
of a delicate piece of mechanism to be op- 
erated by small differences of air pressure. 
More than this, the neglect to clean and 
Inbricate the frequently moving parts of 
this delicate mechanism has in many in- 
stances extended over years ata time, so 
that it would most naturally be expected 
that it would become so disordered as to 
entirely refuse to operate. Yet it has gone 
on, year after year, under these most try- 
ing conditions, performing the service re- 
quired of it with promptness and efficiency 
toan extent that seemed to indicate to 
some that it really was unnecessary to give 
the apparatus any attention at all. 

The continued reliability of the appara- 
tus must be attributed, first of all, to unu- 
sual care in the selection of material, and 
to methods of special accuracy and refine- 
ment in manufacture. The prompt release 
of the brake depends, to a large extent, 
upon such a high character of material and 
workmanship, because the operation of the 
triple valves to release the brakes depends 
upon a small excess of air pressure upon 
one side of a small piston, which excess 
can be obtained but gradually, and would 
be impossible to obtain at all if any ma- 
terial leakage past the small piston occurs. 

But the complete reliability of the appa- 
ratus for the application of the brakesis a 
feature of design and invention. The 
brakes are applied by dissipating the air 
pressure in the main air pipe which ex- 
tends throughout the train, and, however 
much difficulty there might be in charging 
an efficient pressure into the pipe, there 
can never be any doubt of the ability to 
promptly discharge the air pressure, as it 
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merely requires an opening from the pipe 
to the atmosphere at any point. In this 
way a powerful pressure upon one face of 
the small piston of the triple valve may al- 
ways be promptly rendered available for 
moving the piston into a position to apply 
the brakes. 

Any uncertainties, therefore, as to the 
operation of the automatic air brake, which 
may arise from neglect and disorder, apply 
only to the release of the brakes, whereby 
the train may be enabled to proceed; but, 
once that the brakes are released and 
charged with air pressure, the prompt re- 
sponse of the apparatus to apply the 
brakes, at any time that they may be re- 
quired, is assured and inevitable, as the 
only requirement then is that the train 
pipe shall be given an opening to the 
atmosphere. 





Have you subscribed for COMPRESSED 
AIR? It is now in its second year and is 
diligently employed in advancing the use- 
ful application of compressed air. From 
it you get all that is valuable to know in 
compressed air practice. We gather com- 
pressed air information from all sources 
and place it before you in compact form 
to bind for reference. We would like to 
have your name on our list as a subscriber 
The cost is only $1.00 a year. 
now. 


Subscribe 





Mr. F. A. WALDRON, Superintendent 
Power and Plant of the Yale & Towne 
Co., Stamford, Conn., says in a recent let- 
ter to COMPRESSED AIR: ‘‘It may be in- 
teresting to you to know that two years 
ago we had about 100 to 150 feet of air 
pipe in our works, and this was for one 
purpose only. Now we have nearly a mile 
of air pipe, and use it for various purposes. 
From our experience here, we are of the 
opinion that the uses of compressed air 
will expand at a greater ratio than the air 
itself, and trust that the circulation of 
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your lively little paper may increase at a 
greater ratio than either of the two above.”’ 


We invite our readers to send us commu- 
nications regarding the use of compressed 
air and their experience with it. It is now 
largely used in mines and shops and many 
other places where least expected. The 
mechanical world will be interested to 
know what you are doing with it and how 
you are doing it. If you have data at 
hand that is the result of practical experi- 
ence, or theories that you think should be 
applied, send them with drawings or pho- 
tographs for reproduction. We are al- 
ways glad to print anything of interest 
concerning air power. We again invite 
you to assist in promoting the use of com- 
pressed air, and we will give your contri- 
butions our best attention. 


Relative Efficiencies of a Compressed Air 
Plant Due to Difference of Level Atove 
and Below Sea Level. 

The atmosphere surrounding the earth 
forms a layer extending about 45 miles in 
height, and being ponderable and very 
elastic, its density will vary with the 
height. 

At the sea level the weight of a column 
of atmospheric air one square inch in area 
will balance a column of mercury 30" high 
one square inch in area, and corresponds to 
a pressure of 14.7 pounds per square inch. 

Now, if we take the sea level as a basis 
for comparison as to the density or weight 
per cubic foot, we will find that the higher 
up we go the more rarified the air becomes, 
due to diminished height of the atmosphere 
above us, and by descending the shaft of a 
mine the contrary effect takes place. How- 
ever, in the mine or in any level below the 
sea this contraction of the air is counter- 
acted by the increasing temperature as we 
approach the centre of the earth. 

From observations taken at different 
parts of the world {this increase has been 
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found to average 1 deg. F. for every 61 ft. 
depth. The temperature also changes with 
increasing altitudes. However, since there 
is no uniform change in temperature 
throughout the world for points at the 
same elevation, it will be hard to estimate 
this effect generally, and in order to show 
this influence of temperature and pressure 
we must assume some specific case. 

A motor using compressed air at full 
stroke and at 80 pounds per square inch, 
will require at any level either above or 
below the sea level 

229.5 
= eu, ft. free air 


ees 


per minute per I. H. P. 
where pa = atmospheric pressure 
p2 = absolute working pressure. 

From a study of this formula it will 
readily be seen that as the atmospheric 
pressure diminishes, the cu. ft. free air re- 
quired per H. P. will increase, and conse- 
quently a larger compressor will be re- 
quired at an elevation than at sea level to 
enable the motor to do the same amount of 
work in a given time. 

The relative efficiencies due to change 
of volume have been plotted in the curves 
shown on page 222. Both temperature 
and difference in levels above and below 
sea level have been taken account of, so 
that by reference to this chart it will be an 
easy matter to select an air compressor of 
sufficient capacity to supply a motor with 
an equivalent volume of air, no matter 
where it may be located provided tempera- 
ture changes and working pressure are the 
saine as assumed in the curves. 

Thus, given an altitude of 6000 ft. above 
sea level, and provided the temperature at 
this level is the same as at the sea level, 
then by referring to the chart and reading 
along the 6000 ft. level line until we inter- 
sect the constant temperature curve, we 
will find by reading across to the right that 
the efficiency of an air compressor at this 
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altitude is but 81.5 per cent. of its efficiency 
at sea level; and in order to produce the 
same efficiency, the free air capacity of 
compressor will have to be increased 18.5 
per cent. When the temperature of the 
air changes proportionately from 62 deg. F. 
at sea level to 32 deg. F. at 10,000 ft. alti- 
tude, the efficiency in the case we have 
assumed will be 84.2 per cent. (as will be 
seen from the curves). 

The efficiency at 2000 ft. below the sea 
would be 105.5 per cent., provided the tem- 
perature was constant (62 deg. F.); how- 
ever, the rise in temperature of 1 deg. F. 
for every 61 ft. depth, exactly offsets the 
gain which might be effected by increased 
density, and therefore the efficiency is 
practically constant for all depths below 
sea level.(See curves. ) 

The change in volume due to different 
altitudes also effects the power required to 
perform a given amount of work. The 
mean effective pressure per cubic foot is 
less at an altitude than at sea level, but the 
number of cubic ft. required to produce 
the same effect at an altitude as at the sea 
level is more, and the product of the two 
(M. E. P. x Vol. == power expended), is 
greater. Curves on page 223 show the 
relative effect for the different altitudes 
and different temperatures. Thus at 6000 
ft. and temperature at 62 deg. F. (same as 
assumed at sea level), the increase in power 
for a given effect will be 13.30 percent. If 
the temperature changes proportionately 
from 62 deg. F. at sea level to 32 deg. F. at 
10,000 ft. altitude, the increase in power 
will be but 8.8 percent. The difference 
between both curves shows the benefit ob- 


tained from cold air. 
F. C. WEBER. 


Any subscriber of COMPRESSED AIR who 
would like to have a specimen copy of the 
paper sent to a friend, can be accommo- 
dated by sending us, on a postal card, the 
name and address to which he would like 
the paper sent. 
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A MUNICIPAL POWER PLANT. 


€ The following paper on the ‘‘ Transmis- 
sion of Power by Compressed Air’’ was re- 
cently presented by Richard Hirsch, before 
the Engineers’ Society of Western Penn- 
sylvania, Pittsburg, Pa. 

In papers presented to this Society at 
different times, various methods of trans- 
mitting power in the city of Pittsburg 
have been advocated. Uptothe present 
time, however, the only agent which has 
been utilized for this purpose is electric- 
ity, unless we mention our city water sup- 
ply, which has been used for hydraulic 
elevators, and in a few instances for motors 
operating light machinery. 

It has been unfortunate for the reputa- 
tion of compressed air that so little atten- 
tion has been given to its development as 
an efficient transmitter of power. In most 
applications its peculiar advantages, such 
as safety, non-condensation during trans- 
mission, and unobjectionable exhaust, have 
been features of first consideration. Little 
attention was given to economical opera- 
tion, inefficient compressors and wasteful 
motors being used. Compressed air has 
many advantages which entitle it to a 
more general recognition as an efficient 
means of transmitting and distributing 
power in cities. 

In the use of steam, the loss by conden- 
sation in the pipe lines, the necessity for 
expensive pipe coverings and expansion 
joints, and the objectionable exhaust, 
either as steam or hot water, are disadvan- 
tages not met with in the use of compressed 
air. The high cost of hydraulic power, 
and the limited possible applications of the 
same, place it in an unfavorable light, 
when brought into competition with pneu- 
matic transmission. The ease with which 
electric wires can be strung on poles, over 
housetops, and through buildings, and the 
low cost of such work, have been great 
factors in the rapid increase in the use of 
electrical machinery—much more so, in 
fact, than the cost of electric power. But 
vigorous protest should be made against 
the disfiguring of house fronts and inter- 
iors by the promiscuous array of wires, in- 
sulators and transformers. The conversion 
of our streets into veritable forests of un- 
sightly poles, carrying net-works of highly 
charged and uncovered wires, should not 
be tolerated. When electric conductors 
are laid underground, and interior wiring 
concealed in the walls and floors of build- 
ings and securely insulated, the cost of 
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such work equals, if not exceeds, the cost 
of piping required for transmitting power 
by other agencies. 

Compressed air is used at pressures vary- 
ing from that of a more or less perfect 
vacuum up to 5,000 lbs. per square inch. 
There isa power transmission system in 

aris where motors are operated by the 
pressure of the atmosphere and exhaust 
into mains in the streets, in which a more 
or less perfect vacuum is maintained by 
air pumps situated at a central station. 
Pressures of from 60 lbs. per square inch to 
go lbs. per square inch are used for ordi- 
nary power purposes; from 400 lbs. per 
square inch to 800 lbs. per square inch for 
pneumatic locomotives; 2,000 lbs. per sq. 
inch for street cars, and from 1,000 Ibs. 
per sq. inch to 5,000 lbs. per sq. inch for 
pneumatic dynamite guns and other pur- 
poses on war vessels. 

The gratifying results obtained in the 
use of compressed air for operating loco- 
motives and shop machinery, and the high 
efficiency that could be obtained in a prop- 
erly designed plant for the general trans- 
mission of power, lead the author of this 
paper to believe that such a plant could be 
successfully operated in the city of Pitts- 
burg, considered both from an engineering 
aud business point of view. The following 
is a description of a proposed plant capable 
of transmitting 1,100 indicated horse- 
power, developed in the motors where 
used, with the cost of building and operat- 
ing the same. 

Ina fire-proof building situated on the 
banks of one of our rivers, and as near the 
business portion of the city as possible, 
will be installed the necessary boilers and 
air compressors. Water for feeding boilers 
and cooling purposes will be pumped from 
the river, thereby saving water tax. Coal 
will be received by rail or boat, and han- 
dled by machinery. Ashes will also be 
handled by machinery, and loaded into 
boats or cars as required. Boilers will be 
of the water tube type, fitted with mechan- 
ical stokers, and capable of developing 
2,000 indicated horse-power in the steam 
cylinders of the compressors. There will 
be two air compressors, with triple ex- 
pansion condensing engines of the Corliss 
type, having steam cylinders 20", 34" and 
50° diameter, by 42” stroke. The air cylin- 
ders will be compound, two for low pres- 
sure, each 26” diameter, and one for high 
pressure, 30" diameter; all 42” stroke. The 
air will be taken at atmospheric pressure 
through a cooling apparatus and specially 
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adapted Corliss valves into the two low 
pressure cylinders, and discharged through 
an inter-couler, into the one high pressure 
cylinder; the air will there be compressed 
to 100 lbs. per square inch, and delivered 
through a cooler into the pipe line. Each 
compressor will be capable of delivering 
about 6,000 cu. ft. of free air per minute, 
compressed to 100 lbs. per square inch 
gauge pressure. The compressor will be 
fitted with automatic valves which will re- 
duce their speed when the pressure in the 
pipe line runs up to a little more than 100 
lbs. per square inch and speed them up 
again when the pressure falls. It might, 
however, be advisable to subdivide the 
compressing machinery into three or more 
units to facilitate repairing and lessen the 
liability of seriously crippling the plant in 
case of accident or breakdown. There is 
no necessity for large storage tanks or re- 
servoirs, as the air mains provide sufficient 
capacity to permit the air to be pumped 
directly into them. Moisture will be 
withdrawn from the mains by suitably ar- 
ranged traps and delivered into the sew- 
ers. These traps need be but compara- 
tively small affairs, connected to the air 
mains by pipes of small diameter and en- 
closed in the street boxes with the shut-off 
valves. For the reason that watery or 
other vapors can not be compressed to a 
density greater than that due to their tem- 
perature, the watery vapor in the air 
would condense soon after compression, 
and most of it would be drawn off near the 
power house. 

The main pipe line from the power 
house will consist of 12” wrought iron pipe 
coupled together by bolted flanges. It 
will extend to where the next work of 
street distributing mains begins, and will 
there be reduced in size as the carrying 
capacity and frictional resistance of each 
branch of pipe permits. The street distri- 
buting mains will consist of 6’ and 8’ 
wrought iron pipe coupled together by 
threaded sockets. No expansion joints 
will be required, as the mains being laid 
below the frost line, and the air being 
cooled after compression in the power 
house, there will be no more variation in 
the temperature of the air mains than there 
is in water or gas mains, neither of which 
are provided with expansion joints. The 
expansion joints on the underground steam 
lines of the New York Steam Heating Co. 
are quite elaborate and very expensive af- 
fairs, and are placed at close intervals. In 
connection with pneumatic locomotives, 
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wrought iron mains with screwed sockets 
and without expansion joints are used, 
carrying pressures of from 4oo lbs. per 
square inch to 700 lbs. per square inch. 
The satisfactory results obtained in the use 
of these lines furnish a precedent for ad- 
vocating street distributing mains of prac- 
tically the same description, although 
various other kinds of joints have been 
used in Paris and elsewhere for this 
purpose. 

In the Paris system, steel mains 20 
inches in diameter are used, having per- 
fectly plain ends and connected together 
by the so-called Normandy joint, which is 
described in Unwin’s Development and 
Transmission of Power. 

In estimating the cost of construction it 
has been assumed that the power station 
could be located within 8,000 feet of Elev- 
enth or (Grant streets, and allowance has 
been made for that length of 12 inch 
main. Provision has been made for lay- 
ing pipes on all the principal streets of 
Pittsburg situated between the Mononga- 
hela and Allegheny rivers and on and be- 
low Grant and Eleventh streets. Stop 
valves inclosed in suitable street boxes will 
be provided at frequent intervals in the 
mains, by means of which the air supply 
can be shut off from any section of pipe 
undergoing repairs, or while service con- 
nections are being made. At such times 
the air can be made to pass the portion of 
the main thus cut out, through the pipes 
in the adjoining streets, causing inconve- 
nience to but few users of the power. 
Much annoyance could be averted by mak- 
ing service connections at night, or if 
made by day, appliances could be used 
which permit making connections to pipe 
lines without shutting off the supply. The 
estimate does not cover the cost of service 
connections, as they will be paid for by the 
consumers of the power, but does cover 
the cost of meters. Liberal margin has 
been allowed in the various items, and the 
following figures would undoubtedly cover 
the actual cost of construction. Allow- 
ance has been made for dividing the boil- 
ers and compressors into such units as to 
provide reserve power, available in case of 
accident or while repairs are being made. 


COST OF CONSTRUCTION. 
Real Estate. 
Buildings ateiadameenne.s se 
Compressors erected on founda- 


tions with Condensers and at- 
tachments 55,000 00 
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a 5s cae exe's oe 21,000 00 
Stack and Britchen........... 3,750 00 
Mechanical Stokers............ 4,375 00 
Circulation and Feed Pumps, 
NS onic nk wasevions's 4,000 00 
Cooling Apparatus ............ 2,000 00 
a OS Se ere 1,500 00 
Coal and Ash Conveyors ...... 4,000 00 


Pipe Lines and Distributing 
ies Sos Sacra, view was 70,000 OO 

Ee yo ee 5,000 00 

Engineering and Expenses of 
Se eee 25,000 00 


Miscellaneous Items, including 
electric light plant and crane 





for power station..... Pesenns 10,000 00 
ee eee re 19,375 00 
Total cost of plant...... $275,000 00 


COST OF OPERATION PER ANNUM. 


Interest on investment of $275,- 


Geo et Oper cent,........66-.% $ 16,500 00 
Deterioration 4 per cent. of 

a ; 11,000 00 
aa Pee Secs sie Sows 3,500 OO 
A a ed eee 5,000 00 
Salaries and Wages............ 16,500 00 
pee and Supplies.......... 5,000 00 
SUE TEKNCNSES.... 2. os cece. 2,500 00 





Total annual cost of operation..$ 60,000 00 

It is estimated that the plant will de- 
liver 1,100 H. P. for 3,000 hours, and 200 
H. P. for 5760 hours per anuum, or a total 
of 4,452,000 H. P. hours per annum. The 
annual cost of operation, divided by 4,452,- 
000, gives 1.35 cents per H. P. per hour, 
or $40.50 per H. P. per annum of 3000 
hours. 

The cost of power to consumers would 
be graded somewhat, according to the 
amount used. This would not be a hard- 
ship to small users of power, because to 
such consumers the power would be cheap 
at any reasonable price. To users of 
power in moderate quantities, the cost per 
H. P. per annum, including attendance, 
cost of heating and interest on cost of 
motors and heaters would not be more 
than $50. 

For deterioration there will be laid aside 
each year out of the earnings, 4 per cent. 
of the total investment, and this money 
placed at 3 per cent. compound interest 
will, in about 19 years, equal the capital 
invested, or sufficient to rebuild the plant 
entire. It will be noted that the cost of 
operation would increase but slightly with 
considerable increase in the capacity of 
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the plant, and also that the cost of con- 
struction would not increase in direct pro- 
portion to such enlargement of the plant. 
If the building of a larger plant would be 
justified, the cost of power to consumers 
would be less than given. 

To compare the cost at which power 
could be furnished by compressed air with 
the cost as furnished by other means, I ex- 
tract the following from our procedings, 
being estimates given in papers read by 
members of this society at different times: 
Amount per H. P. per annnm paid 

to the City of Pittsburg for oper- 

ating hydraulic elevators (about) $700 oo 
Cost of power per H. P. per annum 

in a large store having its own 


plant, 15 hour service.......... 128 44 
Cost in same plant corrected for 
re 89 92 


Estimated cost per H.P. per annum 
at which power could be fur- 
nished by a proposed hydraulic 
powerecompany, with no allow- 
ance made in operating ex- 
penses, for taxes, or deteriora- 
rere 

Cost in same plant corrected for 
above omissions................ 100 20 

Estimated cost per H. P. per an- 
num at which power could be 
furnished by an electric power 
company capable of delivering 
20,000 H. P..... Perey Sere eee 50 00 
The low cost at which power can be 

furnished by compressed air can only be 

approached by electricity working under 
the most favorable conditions. The rates 
paid for power to the electric companies in 

Pittsburg at the present time are excessive. 
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EFFICIENCY OF THE SYSTEM. 


It can be shown theoretically, and has 
been proven in practice, that one cubic 
foot of free air, when compressed to about 
go pounds per sq. in., is capable of per- 
forming from 2,600 foot pounds to 3,000 
foot pounds of work, when used cold. 
From actual tests it has been found that 
by heating the air this can be increased 
40 percent. Prof. Unwin states that the 
experiments of Reidler and Gutermuth 
show that heat thus applied is used five or 
six times more efficiently than if used in 
a good steam engine. The compressors, 
as above specified, have a combined capac- 
ity of 12,0co cu. ft. of free air per minute. 
Deducting 15 percent. of this for loss by 
leakage and friction in pipes, we have 
10,200 cu. ft. of free air available for use- 
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ful work; or expressing it in foot pounds 
per minute, we have 10,200+2,600+1.4= 
37,128,000 ; or in horse power, we have 
37,128,000+33,000—1,125 H. P., which is 
56 per cent. of the indicated H. P. in the 
steam cylinders of the compressors; as- 
suming the efficiency of the motors where 
the power is used to be 90 per cent., we 
have an efficiency of over 50 per cent. in 
the entire system, from the indicated 
horse power in the steam cylinders to the 
brake horse power in the motors. This 
compares favorably with electric transmis- 
sion, which under average conditions is 
about 58 per cent. Much higher efficien- 
cies than 50 per cent. have been given by 
writers on this subject, but the figures here 
given are based on the actual capacity of 
the compressors after due allowance has 
been made for internal friction and other 
unavoidable losses, such as leaking stuff- 
ing boxes, valves and pistons; and more 
especially the loss occasioned by the heat- 
ing of the air during compression. More- 
over, the builders of the compressors will 
guarantee the capacity as here given,and the 
estimates from two different firms showed 
practically the same indicated horse power 
in the steam cylinders of the compressors 
to produce the amount of air required. 

One thing to be noted in the use of com- 
pressed air is the fact that the loss caused 
by the fall in pressure resulting from fric- 
tion in the mains, is partly male up by the 
increase in volume. Ina hydraulic system 
a fall in pressure, caused by friction in the 
mains, results in a loss in direct proportion 
to the fall in pressure; the volume remains 
the same. The efficiency of the system 
can be considerably increased by using 
compound motors, in which the air would 
be heated before entering the motor and 
reheated between the first and_ second ex- 
pansions; the motor being somewhat simi- 
lar to a compound steam engine with a re- 
ceiver between the high and low pressure 
cylinders, the receiver in this case being a 
reheater. When the air is heated to in- 
crease the economy, the most efficient re- 
sults are obtained when moisture is added, 
which by giving out its latent heat in the 
motor, materially increases the efficiency. 
For this reason heaters are generally of the 
hot water style, wherein the air passes 
through hot water under pressure, and 
part of it goes to the cylinder of the motor 
in the form of steam. 


USES OF COMPRESSED AIR. 


Compressed air can be applied to such a 
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wonderful variety of uses that a ready 
market for the entire power of the plant is 
almost assured, and the project would un- 
doubtedly be as profitable in a financial 
way as it has been elsewhere, notably in 
Paris. The power would be used for the 
operation of elevators, electric light plants, 
ventilating apparatus, pneumatic tools, and 
motors. It would also be used for parcel 
and cash conveyors, cleaning and cooling 
purposes; for the latter purpose either air 
direct from the mains, or exhaust air from 
the motors, would be used. For compara- 
tively small addition to the cost of 
building the plant, a system of regulating 
clocks could be installed, and but very lit- 
tle power would be required to operate it. 
Some of the new office buildings in the 
East have been piped for delivering com- 
pressed air to the tenants, the same as they 
would be provided with hot and cold 
water. Compressed air only lacks the 
capacity to supply heat, to enable it to 
operate the entire mechanical plant of the 
modern office building. Heat would be 
supplied by the boilers in the building, 
but not being called upon for lighting or 
power purposes, would be operated only 
during the cold months of the year. In the 
ideal plant, however, heat would be fur- 
iihed by the hot water system, and power 
and light by air—the cost of operation 
being thereby reduced to the minimum. 

The project could be still further en- 
larged upon. While laying the distribut- 
ing main, ducts could be laid for a parcel 
delivery system. Stations would be located 
in different portions of the city, where 
parcels would be received and sent through 
the chutes to the station nearest to the 
destination of the package, and the deliv- 
ery be completed by messenger. 

It would be practicable to have street 
connectious in close proximity to the fire 
plugs, and operate fire engines by air, 
which could then be built much cheaper, 
lighter in weight, less complicated in de- 
tail, and would be ready for immediate 
service at all times. In fact, the practi- 
cable applications of the power are almost 
unlimited, and the project would certainly 
meet with success and pay handsomely on 
the capital invested. It would increase 
our business and manufacturing facilities 
and assist greatly in making Pittsburg a 
cleaner city and more desirable as a place 
of residence. These are factors in the 
making of a truly Greater Pittsburg. The 
building of a metropolis must consist of a 
more healthy and substantial growth than 
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accrues from the annexation of surround- 
ing villages and pasture fields. 


PNEUMATIC LOCOMOTIVES. 


Compressed air has been used with great 
success in the operation of locomotives. 
When used for operating street cars or for 
hauling trains through tunnels or city 
streets, all the advantages of an independ- 
ent motor are obtained, with none of the 
objectionable features of steam locomotives 
or electric cars, It is especially applicable 
in locations where sparking electric wires, 
fire and fumes of combustion must be 
avoided. 

The following is a very brief description 
of the plant of the Susquehanna Coal Co. 
at Glen Lyon, Pa., where there are two 
motors in operation. The air is supplied 
by a compressor of the three stage type, 
having steam cylinders 20 inches + 24 
inches, and air cylinders 12% inches, 9% 
inches and 5 inches + 24 inches, with 
water jackets and intercoolers, compress- 
ing the air to 600 lbs. per sq. inch. The 
air passes through a line of 5 in. special 
strong pipe 200 ft. to the head of the shaft, 
down the shaft 800 ft. and then along the 
gangway about 3,400 ft., a total length of 
4,300 ft. This pipe line has a capacity of 
580 cu. ft., and acts as a reservoir for the 
compressor. It is coupled together with 
threaded sockets which are counter-bored 
for a lead filling which is caulked. At in- 
tervals of about 200 feet, and at all valves 
and charging stations, flange couplings are 
used with lead gaskets, and the line is 
perfectly tight, being tested to 1,500 lbs. 
per sq. in. Charging stations are placed 
where required, and consist of a universal 
metallic coupling, which is attached to the 
check valve of the locomotive air tanks 
when a fresh supply of air is required. It 
requires abont 1% minutes to complete the 
operation of charging the locomotive, and 
reduces the pressure in the main pipe line 
from 600 lbs. per sq. in. to about 570 lbs. 
per sq. in. A charge of air weighs about 
380 lbs. The locomotive is of the 4 wheel 
type, having cylinders 7 in. diameter by 
14 in. stroke; drivers, 24 in. diameter; 
weight, 18,500 lbs.; length over all, 17 ft. 
6in.; width, 5 ft. 2in.; height, 5 ft., oin. 
The air for propelling the locomotive is 
stored in two cylindrical steel tanks with a 
combined capacity of 130 cu. ft., and are 
supported by cast iron saddles resting on 
the frames of the locomotive. The air 
flows from the main tanks through a 
specially designed reducing valve into an 


auxiliary reservoir, and from thence 
through a throttle valve to the cylinders. 
The pressure in the auxiliary reservoir can 
be regulated anywhere from 30 lbs. up to 
140 lbs. or 150 Ibs. per sq. in., as required. 
The air in the auxiliary reservoir is main- 
tained at a constant pressure, while in the 
main storage tanks it may vary from 570 
Ibs. per sq. in. down to the pressure at 
which the reducing valve is adjusted; 
when this pressure is reached in the main 
storage tanks, the air passes through to the 
cylinders without further reduction in 
pressure. 

The locomotive hauls 16 empty cars a 
distance of 3,700 ft. into the gangway and 
returns to the shaft with 16 loaded cars 
with one charge of air, starting with a 
pressure of 575 lbs. per sq. in., and ending 
with about 100 lbs. per sq. in. The train 
of empty cars, including the locomotive, 
weighs 60,000 Ibs., and the train of loaded 
cars, including the locomotive, weighs 
166,000 lbs. The grades favor the loads. 
The locomotive runs from 25 to 50 miles 
per day, depending upon the length of the 
trip and time consumed in making up the 
trains at the terminals. This locomotive 
was lowered down the mine shaft a vertical 
distance of 800 feet without dismantling in 
any manner. Sometimes the circumstances 
are such that it becomes necessary to take 
the locomotive apart, lower it piece by 
piece, and reassemble them in the mine. 

Where it is practicable to use a heater on 
a locomotive, the efficiency is increased 
about 40 per cent. These heaters take the 
place of the auxiliary reservoir, and con- 
sist of a tank containing hot water under 
pressure at a temperature of about 300 deg. 
F., through which the air passes before 
going to the cylinders. The heaters are 
charged with steam while the storage tanks 
are being charged with air. 

Compressed air is also used for the pro- 
pulsion of street cars, the air being stored 
in nests of Mannesman tubes. There are 
four of these tubes under each car seat, 
and are g inches in diameter by 15 ft. long, 
and are charged to a pressure of about 
2000 lbs. per square inch. ‘The air is re- 
duced in pressure by a reducing valve to 
about 140 lbs. per sq.in., and then passes 
through a hot water heater and throttle 
valve to the cylinders. The cars are of the 
four-wheel type, have the ordinary street 
car body, and are provided with the usual 
locomotive machinery, reversing gear, bal- 
anced valves and air brakes. They can be 
controlled from either platform by means 
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of a fixture similar in appearance to a trol- 
ley car controller, and very compact. They 
are independent motors, have all the ad- 
vantages claimed for storage battery cars, 
and compare favorably with the overhead 
trolley system in cost of operation. 


COMPRESSED AIR. 


(CONTINUED. ) 

In connection with a series of tests of a 
Baldwin compound locomotive upon the 
Baltimore & Ohio R.R., in 1890, the con- 
sumption of steam in various incidental 
ways was ascertained. The weights of 
steam which passed through the whistle, 
the blower and the pop valve, were com- 
puted. Instead of allowing the pop valve 


le 


ratus had become fully charged, the pump 
continued to run with an average speed of 
about 62 strokes per minute. This would 
seem to indicate a considerable amount of 
leakage in the train pipe and connections. 
The writer has observed the operation of 
the 8-inch pump upon a considerable num- 
ber of different trains, the air brake appa- 
ratus of which was in such condition as he 
happened to find it. . It was found that, 
after the brakes had been charged through- 
out the train, the number of strokes per 
minute made by the pump were from 24, 
for a four-car train, to 47 for a seven-car 
train, the average of all the cases observed 
being 36. 

During the trials of the Baldwin com- 
pound, three separate runs were made 
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FIG. 19.—DIRECT ACTING STEAM AIR COMPRESSOR, 


to blow off, a vent pipe from the steam 
dome was carried into the tender, and the 
weight of steam which would pass through 
it per second, when a valve in the pipe 
was opened, was ascertained. During the 
runs, when the steam reached such a pres- 
sure that the pop valve was on the point of 
blowing off, the valve in the vent pipe was 
opened, and, by noting the length of time 
that it remained open, the quantity of 
steam which so escaped was easily com- 
puted. The number and lengths of blasts 
of the whistle were also noted, together 
with the time that the blower was used. 
The amount of steam used by the 8-inch 
air-brake pump was also computed. It 
was found that, after the train brake appa- 


from Baltimore to Philadelphia, with the 
same train, making the same time, and 
with the same number of scheduled stops. 
In the report of Mr. George H. Barrus, the 
steam used in different ways during these 
runs was computed as follows: 


Safety 
Whistle. Blower. Valve. 
AVS WOR 5 's.0.3 53 106 0.J5. 28 ROO: 
503 Ibs... .....198- Ibs..:<. «:.. 99. IDs. 
425 ibs,. ... 72 lbe......302 20% 
Average, 448 lbs.. ...141 Ibs......207 Ibs. 


The average computed steam consump- 
tion of the air pump, under the conditions 
of its actual operation, was 690lbs. Under 
the ordinary conditions of the brake appa- 
ratus iu service, with the air pump making 








230 COMPRESSED AIR. 


about 36 strokes per minute to keep up the 
pressure after the apparatus is once charged, 
the steam consumption, computed upon 
the same basis as that used in the report of 
these locomotive trials, would have been 
400 lbs. It will be seen from these figures, 
therefore, that about the same quantity of 
steam was used by the whistle as is used 
by the air pump, and that, even in these 
locomotive trials, where unusual care was 
undoubtedly exercised in firing, the loss 
of steam by the safety valve was about half 
that which should be used by the air pump. 

Under the ordinary conditions of service, 
although the steam used by the air pump 
is largely that which would otherwise be 


FIG, 


lost at the safety valve, it is most probable 
that the amount of steam lost at the safety 
valve is greater than that used by the air 
pump. 

It willthus be understood that, with the 
fluctuating conditions of locomotive ser- 
vice, the steam consumption of the air- 
brake pump is an insignificant factor in the 
economy St ahonan production. It has never 
been demonstrated, so far as the writer is 
aware, that a locomotive hauling an air- 
braked train, with the brake apparatus in 
ordinarily good condition, consumes, in 
the long run, a pound more coal than the 
same locomotive, without an air pump, 
would use in hauling the same train when 


braked by hand, and there is no good rea- 
son to believe that it would. 

Fig. Ig illustrates the simplest type of 
small air compressor built on the Straight 
Line or Direct Acting plan. The machine 
is designed for light transportation and for 
use in places where a compact, self-con- 
tained and very simple compressor is 
wanted The steam and air cylinders are 


connected to a crosshead which moves in 
guides arranged between the cylinders, 
The fly wheels, which are joined by con- 
necting rods to this crosshead, are mounted 
in bearings close to the steam cylinder. 
Slide valves are used operated by eccen- 
trics, though in some of the larger sizes 





20. 


the adjustable cut-off serves to aid this 
type of machine in fuel economy. The 
air cylinder is provided with poppet inlet 
and discharge valves, and is water jacketed. 
Simplicity of design is Laseo in ma- 
chines of this type, no claims being made 
to high fuel economy. 

Fig. 20 shows another type of simple, 
low cost, single or direct acting compres- 
sor. No crosshead is used. A single fly 
wheel with crank shaft and connecting rod 
are placed between the cylinders. 

Fig 21 is shown for the purpose of illus- 
trating the English type of single or 
straight line compressor. ‘The machine 
shown is known as ‘‘Schram’s patent.’’ A 
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FIG. 


single cast iron bed plate is used, thus 
making the machine self-contained, and 
the fly wheel’s crosshead and connecting 
rod are placed on the bed, the steam cylin- 
der being located between these parts and 
the air cylinder. This construction brings 
the steam and air cylinders close together, 
but the machine is not as compact or as 
simple as the direct acting compressor of 
the! American type. 


21. 


Another form of European compressor 
on the straight line plan is shown in Fig. 
22. This machine is made by Messrs. 
Burckhardt & Co., Basel, Switzerland. 
The steam and air cylinders are widely 
separated and are connected hy a single 
piston rod joined at or near its centre by a 
crosshead, to which the connecting rod is 
attached. 

W. L. SAUNDERS. 


BURCKHARDT &ClEBASEL. 
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about 36 strokes per minute to keep up the 
pressure after the apparatus is once charged, 
the steam consumption, computed upon 
the same basis as that used in the report of 
these locomotive trials, would have been 
400 lbs. It will be seen from these figures, 
therefore, that about the same quantity of 
steam was used by the whistle as is used 
by the air pump, and that, even in these 
locomotive trials, where unusual care was 
undoubtedly exercised in firing, the loss 
of steam by the safety valve was about half 
that which should be used by the air pump. 

Under the ordinary conditions of service, 
although the steam used by the air pump 
is largely that which would otherwise be 


braked by hand, and there is no good rea- 
son to believe that it would. 

Fig. 19 illustrates the simplest type of 
small air compressor built on the Straight 
Line or Direct Acting plan. The machine 
is designed for light transportation and for 
use in places where a compact, self-con- 
tained and very simple compressor is 
wanted The steam and air cylinders are 


connected to a crosshead which moves in 
guides arranged between the cylinders, 
The fly wheels, which are joined by con- 
necting rods to this crosshead, are mounted 
in bearings close to the steam cylinder, 
Slide valves are used operated by eccen- 
trics, though in some of the larger sizes 
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lost at the safety valve, it is most probable 
that the amount of steam lost at the safety 
valve is greater than that used by the air 
ump. 
It will thus be understood that, with the 
fluctuating conditions of locomotive ser- 
vice, the steam consumption of the air- 
brake pump is an insignificant factor in the 
economy Denm production. It has never 
been demonstrated, so far as the writer is 
aware, that a locomotive hauling an air- 
braked train, with the brake apparatus in 
ordinarily good condition, consumes, in 
the long run, a pound more coal than the 
same locomotive, without an air pump, 
would use in hauling the same train when 


the adjustable cut-off serves to aid this 
type of machine in fuel economy. The 
air cylinder is provided with poppet inlet 
and discharge valves, and is water jacketed. 
Simplicity of design is itaieal in ma- 
chines of this type, no claims being made 
to high fuel economy. 

Fig. 20 shows another type of simple, 
low cost, single or direct acting compres- 
sor. No crosshead is used. A single fly 
wheel with crank shaft and connecting rod 
are placed between the cylinders. 

Fig 21 is shown for the purpose of illus- 
trating the English type of single or 
straight line compressor. The machine 
shown is known as ‘‘Schram’s patent.’’ A 
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single cast iron bed plate is used, thus 
making the machine self-contained, and 
the fly wheel’s crosshead and connecting 
rod are placed on the bed, the steam cylin- 
der being located between these parts and 
the air cylinder. This construction brings 
the steam and air cylinders close together, 
but the machine is not as compact or as 
simple as the direct acting compressor of 
the,American type. 





21. 


Another form of European compressor 
on the straight line plan is shown in Fig. 
22. This machine is made by Messrs. 
Burckhardt & Co., Basel, Switzerland. 
The steam and air cylinders are widely 
separated and are connected by a single 
piston rod joined at or near its centre by a 
crosshead, to which the connecting rod is 
attached. 

W. L. SAUNDERS. 
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Tht “NASON” AlR-HOIST 


.. CYLINDERS . .z 


For use in conjunction with Compressed Air. - 


Made in sizes of from 2 in. to 8in inside diameter, with lift of hoist 
from two to ten feet. 


CONTRACTORS FOR 


The Installation of Pneumatic Hoisting Apparatus. 


. SAFE, SIMPLE ANO RELIABLE ... 





Correspondence Solicited. 


NASON MANUFACTURING CO., 


71 BEEKMAN STREET, NEW YORK. 











yto those using compressed air in their works, it will 

probably be a matter of interest, to know, that we 
are now selling for ($50) Fifty Dollars Net a Complete 
Whitewashing and Painting Machine, for using one 
nozzle, of the same capacity, as those used in spraying 
*“*Red Lead Paint’”’ on the Iron work of the New U. S. 
Appraiser’s Stores in this City. Asan item of informa- 
tion we will say, the entire expense for doing this work 
was less than would have been the cost of Brushes to do 
this same work! and the work is better done than could 
have been done by hand—for further information write 


to 


TURNER MACHINE CO., 
35 W. 14th Street, New York. 
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THE WOLSTENCROFT 
PNEUMATIC TOOL CO., 





(FRANKFORD ) PHILADELPHIA, PA. 





Manufacture Pneumatic Tools as follows: 


Size 
Diameter 
Hammer. 


Y% inch for fine Carving on Onyx and Soft Stones. 


¥% fine Carving on Granite and Marble. 

% & sé sé sé sé sé sé 6 

¥% ‘* ‘** sunken letters‘‘ ¥ sy 

% ‘* * raised s 3 si “a _ 

1 ‘* ** roughing around letters on Granite and Marble. 
1% ‘* ** heavy cutting on Granite, Blue Stone “* “ 


chipping and caulking bath boilers and light 
tank work. 


1% ‘* ‘** beading boiler flues, chipping and caulking 
locomotive tenders and portable boilers, 





1% ‘* ‘* heavy boiler caulking and metal chipping; also 
for use in scaling armor plates. 


1% ‘* and 2 inch. diameter hammer Tools, made on order, 


The Patents under which the above Tools are manu- 


factured, have been sustained by the United States Court. 


TOOLS SENT TO RESPONSIBLE PARTIES FOR 3° DAYS TRIAL 





Say are Ye EFFICIENCY GUARANTEED... . 
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United States Metallic Packing Co., 


PHILADELPHIA, PA. 


Manufacturers of the most economical Air Tools in the market, such as 


PNEUMATIC HAMMERS, 
DRILLS, 
on TRACK SANDERS, 
“ BELL RINCERS. 


METALLIC PACKING FOR ALL KINDS OF SERVICE. 
CHICAGO OFFICE: OFFICE AND WORKS: 
1003 MARQUETTE BUILDINC. 427 NORTH {3th STREET. 





- MANNESMANN TUBE WORKS, 


ASSAM SSS SSIS TEASE EEA EE —, 


MANUFACTURERS OF 


Seamless Rolled Tubes for Gases, Compressed Air, Etc., 


UNDER HIGH PRESSURE. 


Tested and approved by the highest authorities and Governments of Europe and 
America. 

Each Tube is carefully tested, and a Government Test Certificate is furnished with 
each Tube. Representatives :— 


CHAS. G. ECKSTEIN & CO, 
45 VESEY STREET, - - - NEW YORK. 
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Do You Roast Your Orese 
o o © LOW CAN SAVE... . 


FUEL COST UF REPAIRS AN) LABUR, 


USING 


The Kopp Straight Line Furnace, 


FOR SALE BY 


PARKE & LACY CO.,., 


21 & 23 Fremont Street, | San Francisco, Cal. 














SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


BOILERS AND ENGINES. 


BOILERS—sraTIONARY RETURN 
TUBULAR; WATER TUBE, LO- 
COMOTIVE, VERTICAL, SCOTCH 
MARINE. BOILERS ON WHEELS 

. OR SKIDS. 


ENGINES—nHicH — MODERATE— 
SLOW SPEEDS—HORIZONTAL— .. REREESIESEs 
VERTICAL-SINGLEAND DOUBLE aE 
COMPOUND AND TRIPLE ExX- 
PANSION. 


STEAM PLANTS SPECIALLY ADAPTED FOR DRILLING AND 
MINING MACHINERY. 





PIERCE & MILLER ENGINEERING CO., 
2% CORTLANDT STREET, NEW YORK CITY, N, Y. 
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 PULSOMETER St 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 
The Handiest, Bisuplest and Most Efficient Steam Pump for 
@ General Low Service Mining, Quarrying, Railroad, Irrigating, 
@ Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 





Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 





Catalogue on Applica:ion. — Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
W. A. CROOK & BRO.’S CO., 


Manufacturers of 


Improved Hoisting Engines, 


FO PILE DRIVING, RAILROADS, BRIDGE 
BUILDING, MINES, QUARRIES, COAL 
www HOISTING AND BUILDING PURPOSES. 


BUILT ON THE DUPLICATE PART SYSTEM. 





OVER 350 SIZES AND STYLES, 
Log Hauling by Steam and Suspension 
Cableways. 
BOSTON OFFICE: 
47 Pearl Street, cor. Franklin. 


MAIN OFFICE AND FACTORY: 
1177123 Poinier Street, Newark, N. J 


SALESROOM : 
143 Liberty Street, - New York. 











COMPRESSED AIR. 
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— ON ADMIRALTY AND WAR OFFICE LISTS.— 


*MANNESMANN TUBE C3 Le 


LanDorRE R.S.0. SoutTH WALES. 
LARGEST MANUFACTURERS OF WELDLESS . STEEL TUBES. 
SPECIALLY ADAPTED FOR HIGH PRESSURES. STEAM,CAS AND|= 


HYDRAULIC TUBES |© 
AND 
BORING BARS 



























HOLLOW PROPELLER SHAFTING 


ee eae 








BAILOWOI0 





MADE — mM OUR ’ 
WELDLESS TUBES 
BiG: 


Ee dt 


sagnL 





CYCLE TUBES 


D. B. McILWAINE, 


SOLE AGENT FOR AMERICA, 


NEW YORK OFFICE: 


122 Chambers Street, New York. 
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CAMERON STEAM PUMPS. . 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 













‘ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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Water Pumped by Compressed Air. 








POHLE AIR LIFT PUMP IN OPERATION. 


THE INGERSOLL-SERGEANT DRILL CO., 
PNEUMATIC DEPARTMENT, 
HAVEMEYER BUILDING, ~~ - - - = - NEW YORK. 


















Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 


By FRANK RICHARDS, 12mo, cloth, $1.50 
John Wiley & Sons, New York. 


ENGINEERING 
MAGAZINE 


AN INDUSTRIAL REVIEW 





Would you like to make 
The Engineering Magazine has been aptly described as some extra money ? 
** The Century of the industrial world and the Review of 

Reviews to evgineering literature the two in one.” Its 
leading articles treat the subjects uppermost in importance 
» jn industrial affairs. Its contributors include the foremost 
men of oyr times. It gives each month an. exhaustive 
Review and Index to the world-wide range of technical : 
literature — American, English, French, and German. It Write for terms, 
, is read in every nook and corner of the civilized world. It 


: 
is founded upon the idea of meeting the requirements of the COMPRESSED AIR, 
. 
N 
. 


We will give a very liberal commission 
to any one who can make up a club of 
ten subscribers. 


busy and brainy men who manage, think, and plan for the 
. pore con be , cochieactenel, deena, railroad, mining, and 26 Cortlandt Street, N: Ys 
» mechanic;! industries. It has a larger bona-fide circu- 
% lation among such men than has ever been attained by an 
§ engineering journal in all the history of industrial literature. 
It is priceless to the active man who needs to keep in touch 
» with current developments. Its every page carries a hving 
interest for intelligent readers who are in any way con- 
cerned with modern industrial enterprises. Its subscribers 
$ are its warmest advocates and the Magazine itself is its 


best solicitor. Sample copy free. Refers to Publishers this Magazine. 
30 Cents a Number; $3.00 a Year. FRANKLAND JANNUS, 


THE ENGINEERING MAGAZINE, ®& Attorney-at-Law, Atlantic Bld., Washington, D. Cc. 


420-122 Liberty St., New-York, U.S. A. N ‘itle 
RARER 


Always have Title Examined before Investing in 


NRNAANS KN ANN Patent Property. 





Patents, Trade Marks, Designs. 


Searches as to Novelty; Reports on Infringements; 
Patent Matters Exclusively; 15 Years Experience, 
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HOGAN WATER TUBE BOILERS 























TTS Wer ary 




















PERFECT IN DESIGN. 
*“AINONOOd NI GasSsvVdaNnsNn 








Always give entire satisfaction. Combines every desirable feature in 


boiler construction and design. 


SAFE, EFFICIENT, DURABLE, FREE FROM SCALE on heating 
surfaces). Has POSITIVE and CONTINUOUS CIRCULATION. Need 


no feed water heaters or steam separators. 
Delivers all steam above the water line. 


The WATER LINE is STEADIER than can be found in ANY 
OTHER WATER TUBE BOILER. 


- « « Manufactured by . 


HOGAN BOILER COMPANY, MIDDLETOWN, N. Y. 











[STEAM AND AIR DRILL HOSE A SPECIALTY. 
THEM ANHATTAN = ctmiccotss “moa. 
RUBBER MF’G CO. 


Steam Packing, 
Pump Valves, 
Air Compressor Valves, 











Rubber 
Belts, 
Car p 
Springs, & 
Gaskets, 


Suction 
Hose, 
Emery Wheels, 


ALL KINDS OF MECHANICAL RUBBER GOODS. 


Factories: General Office and Salesroom : 
Passaic, N. J. (onD.L.&@W.R.R.) 64 CORTLANDT ST., NEW YORK. 


SENO FOR ILLUSTRATED CATALOGUE. 


FRANK CAZENOVE JONES, 
PRE8’T AND GEN’L M’G’R. 





mLectric Blastime. 






CTRIC FUSE 


Victor Electric Platinum Fuses. 

Superior to all others for exploding any make 
of dynamite or blasting powder. Each fuse folded 
separately and packed in neat paper boxes of 50 
each. All tested and warranted. Single and 
double strength, with any length of wires. 


“Pull Up” Blasting Machine. 
The strongest and most powerful machine ever 
made for electric blasting. No. 3 fires 30 holes. 
No. 4 fires so holes. No.5 fires 100 holes. They 
are especially adapted for submarine blasting, 

large railroad quarrying and mining works. 


Victor Blasting Machine. 
. No. 1 fires 5 to 8 holes; weighs only 15 lbs., 
= adapted for prospectling, stump blasting, well 
sinking, etc. 








STANDARD ELECTRIC FUSE AND BLAST TESTER, WIRE REELS (New 
Design), LEADING AND CONNECTING WIRE. 


MANUFACTURED ONLY BY 


JAMES MACBETH & CO., 128 Maiden Lane, New York City 








* 


High Duty Corliss Cross Compound Condensing Air Compressors. 












A Compressor of this typ: may be seen in operation at 100 Greenwich Street, 
New York, furnishing Compressed Air at 2,500 Ibs. pressure. 


Class E Air Compressors for Light Duty. 


The Ingersoll-Sergeant Drill Co., 


HAVEMEYER BUILDING, NEW YORK. 


AIR COMPRESSORS 


| oto! 











and Pressures, 


For All Purposes 
ssouurjddy puv 
SJOO] Jry possssdwo) 


Clayton Air Compressor Works, 
HAVEMEYER BUILDING, 
26 CORTLANDT STREET, - - NEW YORK. 








